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Abstract. Automation and integration of business processes are at the heart of 
contemporary enterprise systems. In the pursuit of this goal, process automation 
technology is employed at varying levels of the enterprise information systems 
architecture. Larger organizations are faced with multiple instances of process 
management systems, each of which may provide a different paradigm for 
capturing, representing and executing processes. Still, each of these systems 
provides unique process support functionality that may not be covered by the 
other systems. Current systems integration methods focus mainly on the 
technical connectivity between these disparate systems. They do not address the 
integration of multiple process modeling methods that may exist in enterprise 
applications. This paper discusses the method integration necessary to bridge 
the gap between the high-level process models and the executable workflow 
definitions. We propose a structured methodology for the systematic design of 
enterprise processes that takes advantage of the capabilities of different 
modeling methods, while maintaining a consistent view of enterprise processes 
across multiple platforms. Using such an approach, business analysts and 
system engineers can follow a stepwise procedure that will minimize overlap 
and redundancy in enterprise processes, and maximize integration potential 
between applications. We call this approach Multi-Paradigm Process 
Management (MP2M).  

1 Motivation 

Process management and automation tools are becoming increasingly specialized. 
The co-existence of process management systems thus becomes corporate reality, as 
the different solutions provide specialized support for different types of business 
processes and/or application scenarios. At the technical level the interoperability 
between these different tools has to be maintained by system engineers. 
Standardization efforts in this area have yielded mixed results so far, but the advance 
of web service standards may soon provide a well-defined platform for application 
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integration. At the organizational level, however, the integration of process models 
stemming from the different process management systems remains an unsolved issue. 
Management applications, such as Business Activity Monitoring applications, rely of 
the ability of enterprise solutions to provide a consistent and unified view of all 
processes in an organization.  

2 Process Modeling in the Process Management Life Cycle 

2.1 The Process Management Life Cycle 

The development and deployment of process models in an organization follows a 
life cycle of design, implementation, enactment and evaluation [1, 2]. Figure 1 shows 
a typical process life cycle (from [3]). After an initial analysis phase, processes are 
designed using high level modeling languages. They are then transformed into 
executable workflow specifications (should they lend themselves to automation), and 
these specifications serve as templates for individual process instances that are 
coordinated by process automation tools during the process enactment phase. Process 
monitoring supervises runtime operation and allows for the correction of exceptions 
during process enactment. Event trails of completed process instances serve as the 
basis for ex-post analysis in the process controlling phase. The insights gained in this 
phase serve as guidelines for a revision of the high level models as another iteration of 
the process management life cycle begins. 

The image of the process management life cycle is idealized in large parts. In fact, 
the process management life cycle is broken in many locations. Some examples for 
gaps in the life cycle are the following: 
• Different modeling methods are employed in the process design and process 

implementation stages. While process design is supported by high-level modeling 
languages like Event-driven Process Chains, IDEF0 or UML activity diagrams, 
most execution platforms rely on proprietary process representations or XML 
process specification formats such as XPDL [4] or BPEL4WS [5]. The translation 
of models between these representation languages is prone to information loss and 
semantic ambiguities. In effect, some considerations that led to particular design 
time models may be lost in the implementation models. 

• For the automation of a given business process a multitude of process automation 
platforms are available. While some of these are separate software components, 
others are embedded components of large-scale application systems. Each of these 
platforms has specific strengths and weaknesses that affect the suitability for 
individual process types. To date, no formal evaluation method has been developed 
that can help users determine which execution platform is best suited for a given 
process. 
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Fig. 1. Process Management Life Cycle  

• Most audit trail data formats contain only technical information about completed 
process instances, such as processing and wait time, involved resources and 
frequencies. What is missing is a link to business information such as the business 
objects that were being worked on in the course of individual process instances. 
The creation of this link is crucial for the generation of meaningful evaluations in 
the process analysis phase. 

• The correlation between the insights of an ex-post process review and measures for 
process improvement is largely unknown. This is partly due to the fact that few 
enterprises have closed this part of the process management life cycle. Another 
cause for this gap is the number of external factors that influence process 
performance. The structure of organizations evolves with a different speed than the 
processes of an organization. Maintaining a fit between these two factors requires 
constant refinement of the process models.  

2.2 High-Level Process Support 

Large-scale information systems, such as enterprise resource planning systems 
(ERP), provide users with support for high-level processes. They support the 
customization of system functionality through the tailoring of reference processes and 
guide users through the customization process using high-level process 
representations (compare figure 2).  
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Fig. 2. High-level Process Definition Tool 

Figure 2 shows a collaborative process model of an Internet sales process as it can 
be found in an ERP solution. Other examples of high-level process models are those 
found in the MIT process handbook [6]. These processes are rarely deployed as is, but 
in most cases they are adjusted to meet the context of the organization implementing 
the enterprise system. One of the factors that can determine the feasible degree of 
customization is the responsiveness of an organization to change. In a fortune 100 
pharmaceutical enterprise, an ERP solution was introduced in the regional offices in 
Mexico and Europe. While the solution in Mexico was deployed as-is, and workers 
had to adjust to the changed business processes, the solution is Europe was heavily 
customized, so existing work habits need not be changed. One project manager 
explained this difference with the resistance of the European work force to changes in 
their processes. 

2.3 Execution-level Process Support 

Business process automation and workflow management systems provide technical 
support for the automated coordination of business processes at the execution level. 
For this purpose, high-level process models need to be enhanced with runtime-
relevant information, such as interface specifications of invoked application systems, 
rules for the assignment of activities to resources, and transactional boundaries to 
ensure recoverability of the workflows should a system failure occur. The 
specification of processes at this level of abstraction has little to do with the high-level 
process models described in the previous section. In fact, many contemporary 
workflow specification languages do not have a graphical notation, but are designed 
as XML schemas in order to be machine readable and interpretable (examples are 
XPDL, BPML, and BPEL4WS). A notation for these processes has been proposed in 
form of the Business Process Modeling Notation (BPMN) [7], but the mapping of this 
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notation to individual process grammars is not yet finalized. While BPMN is based on 
the BPEL meta model, the mapping of this meta model to the BPEL meta model (or 
XPDL, for example), has not yet been demonstrated. 

While the level of detail necessary to specify an executable process in many cases 
is beyond the capabilities of a high-level process design, certain measures can be 
taken during the process design phase to ensure an easier transformation of the high-
level models into executable specifications. These measures include: 
• The capturing of workflow-relevant data (i.e. data that determines the control flow 

of individual process instances at decision points in the process) and the sources of 
this data in the design phase 

• Determining task assignment policies and documenting them in the process model 
• Determining communication and autonomy requirements of process participants 
• Determining the overall suitability of a process for automation purposes. Not all 

processes are likely candidates for automation, due to a lack of structure, 
frequency, or IT support. 

2.4 Specifying the Gap between high- and execution-level Models 

There clearly exists a gap between the high-level process models used in the early 
stages of the process management life cycle, and the detailed execution models of the 
implementation and enactment stages. This gap manifests itself in the following 
points: 
• Lack of an appropriate language that covers both high-level process design and 

low-level process execution. 
• Lack of appropriate conversion between languages of different stages of the 

process management life cycle. 
• Lack of guidance for the conversion of high-level process models into low-level 

executable models. This guidance includes support for the selection of workflow-
suitable processes; advice, which attributes need to be maintained in order to ease 
the transition to an executable model, and general advice on the capabilities of 
different automation platforms. 

3 A Framework for Multi-Paradigm Process Management 

We argue that process research focuses on well defined phases of the process 
management life cycle (e.g. design or implementation). What is lacking is a detailed 
analysis of the transition between these phases. Figure 3 shows a framework for such 
an analysis. We distinguish between three different levels of process management. At 
the Selection and Configuration level, high-level enterprise models, reference process 
models and solution maps are used by business analysts to create an enterprise-
specific configuration of the more general process models that are supplied with 
current enterprise systems.  

These models are then transferred into an enterprise-wide process model 
management layer. At this level, business analysts and process managers receive 
guidance in choosing the right implementation platform for individual process 
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components. These alternatives can be either of the system-to-system, people-to-
system, or people-to-people workflow solutions, an external automation system, or 
the manual execution of process parts (if no automation is desired or feasible). 

Through export filters, relevant parts of the overall process model are exported for 
further refinement in the chosen execution platforms. At the implementation level, 
workflow engineers can refine the process fragments, while at the same time they are 
able to view the overall context of the process fragment they are working on. 

 

 

Fig. 3. Hierarchical Levels of Process Management Support 

The top-down transformation of models is not the only way the proposed 
framework can be used. Changes at the execution level require a propagation of these 
changes to the higher levels of the framework, in order to keep design and 
implementation models in sync. 

4 Summary 

We have discussed gaps in the process management life cycle that stem from the 
transition between design and implementation phases in process management 
projects. The lack of integrated modeling languages, transformation rules, and the 
missing mapping of process support tool capabilities to process model properties 
make the automation of business processes a time-consuming and error-prone 
endeavor. We have presented a framework that can serve as a guideline for future 
research to ease the transition between design and implementation phase. Our future 
work focuses on providing a mapping between high-level process design models, and 
low-level process execution models, so business analysts can capture information that 
is relevant for workflow engineers. 
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